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A web-based dietary intervention in early pregnancy and
neonatal outcomes: a randomized controlled trial
R.A.K. Kennedy1,2, C.M.E. Reynolds1, S. Cawley1,2, E. O’Malley1, D.M. McCartney2,
M.J. Turner1
1

ABSTRACT
Background Maternal nutrition is a determinant of pregnancy outcomes. Few studies have evaluated the potential of online nutrition
resources to modify behaviour. This randomized controlled trial aimed to determine whether access to a customized evidence-based nutrition
website in pregnancy improved neonatal outcomes.
Methods Women <18 weeks gestation were recruited at their convenience. The control group received standard care. In addition to standard
care, the intervention group received access to an evidence-based nutrition website, customized to the preferences of pregnant women.
Results Of the 250 women, there were no differences in characteristics between the two groups. Of the women, 91.0% reported they make a
conscious effort currently to eat a healthy diet. However, only 19.6% met dietary requirements for calcium, 13.2% for iron, 2.7% for folate
and 2.3% for iodine. The most popular website section was pregnancy nutrition advice but engagement was not sustained. Access to the
website was not associated with any improvement in clinical outcomes (P > 0.05).
Conclusions We found that provision of a customized website providing nutrition information, did not improve neonatal outcomes. Future
studies should explore whether redesign with website interactivity or embedding information on popular digital platforms sustains women’s
engagement and modiﬁes dietary behaviour.
Keywords e-health, food and nutrition, public health

Introduction
Epidemiological studies have shown that maternal nutrition
is associated with neonatal outcomes.1,2 In the developing
world, inadequate maternal nutrition is a large contributor to
adverse neonatal outcomes such as low birth weight (LBW),
small for gestational age (SGA) and preterm birth (PTB).3,4
Conversely, in well-resourced countries, the increasing prevalence of excess maternal nutrition, and resulting complications such as obesity and gestational diabetes mellitus
(GDM), is also associated with neonatal health risks such as
macrosomia and hypoglycaemia post-delivery.5,6 Research
has highlighted poor country-speciﬁc adherence to nutrition
recommendations in developed countries.7 Evidence suggests that inappropriate dietary intakes during pregnancy can
negatively impact foetal growth and is linked with adverse
metabolic proﬁles of these offspring later in life.4,8

A recent review concluded that interventions based on
whole foods and dietary patterns may provide more insightful information on pregnancy outcomes.1 Thus, delivery of
nutrition information to women in pregnancy focusing on a
‘whole diet’ approach, rather than nutrients in isolation, may
improve dietary intakes and consequently improve neonatal
outcomes. Technology-supported communications in pregnancy constitute a practical means of delivering evidencebased information to large populations.9,10 Research has
shown decreasing interest in receiving nutrition information
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Methods
Women were recruited conveniently between October 2015
and January 2017 as they presented for antenatal care in a
large University Hospital. Women were enrolled in a singleblinded randomized controlled trial. Women who were <18
weeks gestation and who had a singleton ongoing pregnancy
were included. Women who did not understand English,
who were <18 years of age, who did not have an email
address or did not have internet access were excluded.
Informed written consent was obtained.
Women were randomly allocated to either the control
group, which received standard care alone or to the intervention group, which received exclusive access to a nutrition
website in addition to standard care. Standard care included
written Hospital information leaﬂets on healthy eating in
pregnancy, based on evidenced-based guidelines. The intervention group was advised to complete their baseline login
to the website at the recruitment visit, or as soon as possible
afterwards to allow the researcher to approve login access.
A nutrition and lifestyle website, ‘OptiMUM Nutrition’
was developed in September 2015 (by RK), using the website building platform Wix.com. Features added to the website included a unique participant login code to ensure only
the intervention group had access to the website, mobile
optimization features, search features and content tags (i.e.
keywords to identify content) to aid user navigation of the

website. The analytical software, web-stat.com, was embedded in the site to assess women’s usage patterns. The website
layout, features and content pages were customized to
women’s reported preferences.12
The website’s main landing page included the researchers’
contact information, in addition to information on the background purpose of the study. Content pages for the website
included recipes, nutrition advice, and lifestyle advice. All
recipes added to the website were checked for suitability in
pregnancy (by RK). All nutrition information included in the
website was based on national clinical guidelines for nutrition in pregnancy and evidence-based resources generated
through the Irish Nutrition and Dietetic Institute.13,14
Women’s height was measured to the nearest centimetre and
weight was measured to the nearest 0.1 kg (Tanita MC 180,
Tokyo, Japan). Body Mass Index (BMI) was calculated. Women
completed a self-administered semi-supervised paper-based
questionnaire. The questionnaire contained questions regarding
women’s attitudes and beliefs for example perceptions of own
diet, barriers to healthy eating, stage of dietary change, future
salience and health locus of control and these were derived
from previous studies.15–20
To assess habitual food and nutrient intakes the researcher
(RK) conducted an in person fully supervised four-day,
retrospective diet history with all women. The diet history
contained two weekdays and two weekend days of the previous week. All portion sizes were fully quantiﬁed using standard household measures (e.g. cup, teaspoon etc.).
Maternal and neonatal outcomes were computerized routinely after delivery. Birth weight was measured by a midwife
and documented within 30 min of birth. All women had a
dating ultrasound to conﬁrm gestational age and gestational
age at birth was documented following delivery.
Research has shown a positive relationship between dietary
quality and birth weight.21 Sample size was calculated (PS
Power and Sample Size Calculations, Version 3.0, January
2009) based on a signiﬁcance level of 5%, power of 80% and
birth weight standard deviation of 470 g to determine a 250 g
difference in birth weight between the intervention and control groups.22 This indicated that 112 participants were
required (56 per arm). Due to high attrition rates experienced
in previous technology-based studies in pregnancy, an attrition
rate of 55% was selected, and to allow for 1:1 randomization,
a total of 250 participants was required (125 per arm).23,24
Randomization software (Graphpad Software ©, USA) was
used to generate the randomization sequence. An individual
independent of the trial placed the software generated group
allocations into sequentially numbered, opaque, sealed envelopes to ensure the researcher remained blinded prior to
screening and recruitment of participants.
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in the traditional one-to-one format with a healthcare professional and growing interest in receiving information in an
online format.11 A systematic review found that technologybased communications are a potentially effective means of
delivering pregnancy information. However, their effectiveness in generating behavioural and health outcome changes
has yet to be conﬁrmed.10
Research has highlighted that the majority of pregnant
women, irrespective of their sociodemographic and clinical
circumstances, used web-based resources for information on
nutrition.12 However, the web-based resources used were
mainly commercial with little use of academically-supported
resources. There is a dearth of RCTs examining whether
web-based delivery of nutrition interventions provided to
women as they present for antenatal care improves neonatal
outcomes. Therefore, we designed a web-based resource
customized to women’s reported preferences in pregnancy
and examined its impact on clinical outcomes.12
This randomized controlled trial aimed to examine
whether access to a customized evidence-based nutrition
website from women’s ﬁrst antenatal visit improved neonatal
outcomes.

A WEB-BASED DIETARY INTERVENTION IN EARLY PREGNANCY AND NEONATAL OUTCOMES

Results
Of the 415 women who were screened for eligibility, 63
women did not meet the inclusion criteria. A further 47
women declined to participate in the study. Of the women
eligible to participate, 86.6% agreed (n = 305), however, 55
of these did not return after their scan to complete enrolment. A total of 250 women were randomized to the control
or intervention arm of the study.
The commonest reason for declining to participate was
that they were ‘not interested’ (n = 35). Others included:
they did not have sufﬁcient time to participate (n = 4), they
believed they knew enough about nutrition already (n = 4)
and ﬁnally, one woman said she had participated in research
on her previous pregnancy. The characteristics of both arms
of the study population are compared in Table 1.
Table 1 also outlines women’s behavioural and attitudinal
characteristics. In relation to self-reported stage of change,
of those in the intervention group, more women <30 years
of age were in the action phase (36.7%, n = 11/30) compared to those ≥30 years of age (16.2%, n = 12/74) (P =
0.02), however, 66.2% (n = 49/74) of women ≥30 years were
in the maintenance phase compared to only 26.7% (n = 8/30)

of women <30 years of age (P < 0.001). Sample size within
the other subgroups was too small to perform analyses.
Of the women in the intervention group, those ≥30 years
of age were more likely to report being fully committed to
making dietary changes (74.6%, n = 47/63), compared to
those <30 years (53.3%, n = 16/30) (P = 0.04).
Additionally, women ≥30 years of age were more likely to
report they were conﬁdent to keep dietary changes going
(78.1%, n = 50/64) compared to those <30 years of age
(50.0%, n = 14/28) (P = 0.007). Interestingly, women who
were obese were more likely to report if they decided to
make changes, they were conﬁdent they could keep them
going (90.5%, n = 19/21) compared with those who were
not obese (63.4%, n = 45/71) (P = 0.02). These factors did
not differ by parity, smoking status, taking folic acid preconceptionally or planning the pregnancy (P > 0.05).
Additionally, of the women in the intervention group,
27.3% (n = 6/22), women without a third level education
reported agreeing with the statement ‘Good health is determined by chance’, compared to only 9.0% (n = 6/67) of
women with a third level education (P = 0.03). This did not
differ by parity, smoking status, taking folic acid preconceptionally or planning the pregnancy (P > 0.05).
A total of 219 food diaries were conducted. Table 2 outlines the proportion of women meeting macronutrient and
micronutrient recommendations outlined by EFSA.26
Fig. 1 depicts women’s engagement with the OptiMUM
Nutrition website over the study period. A total of 125
women were allocated to the intervention group, however,
only 118 women completed the baseline login to the website.
A total of 40 repeat visits were recorded (return rate 33.9%).
The website section that received the most views was pregnancy nutrition advice (78 views) with an average stay of
15.2 min, followed by recipes (64 views, 27.0 min average
stay), lifestyle advice (43 views, 17.7 min average stay) and
ﬁnally the chat forum (12 views, 0.7 min average stay).
The time of day the site was most accessed at was 11:00–13:00, with the highest number of 40 visitors at this time.
This was followed by 16:00–18:00 which received 29 visitors. Tuesdays were the most popular day for women to
access the website with the highest number of visitors reaching 34, this was followed by Thursdays (n = 27), and
Wednesdays (n = 23), respectively.
In relation to maternal outcomes, there was no difference
in GDM diagnosis between the control group (n = 10/114,
8.4%) and the intervention group (n = 4/114, 3.4%) (P =
0.17). There was also no difference between the control (n =
8/117, 6.7%) and the intervention group (n = 9/116, 7.8%)
for Caesarean Section (emergency) rates (P = 0.76). Finally,
there was no difference in the proportion of women who
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Data analysis was carried out using SPSS version 22.0 (IBM
Corporation, Armonk, New York). Continuous variables were
assessed for normality by determination of the kurtosis and
skewness of the distribution, visual inspection of their histograms and assessment of their Kolmogorov–Smirnov statistics. Descriptive statistics were used to describe the general
characteristics of the study participants. Differences in categorical variables between the control and intervention groups
were analysed using cross-tabulation with Chi-square tests for
independence. Differences in continuous variables were
assessed using an independent samples t-test.
Maternal dietary data from the diet histories were entered
into Nutritics Version 3.7 (University Edition) to convert the
reported food intakes into nutrient intakes. Average daily
nutrient intakes for the four-day period were then calculated
using this software. The food composition tables used in
Nutritics are derived from McCance and Widdowson’s Food
Composition Tables seventh edition, and all supplemental
volumes (McCance and Widdowson 2002).25 Women were
dichotomized into those meeting and not meeting recommended dietary intake guidelines based on the European
Food Safety Authority (EFSA) guidelines.26,27
A P value of <0.05 was considered statistically signiﬁcant.
This study received ethical approval from the Hospital’s
Research Ethics Committee and the Dublin Institute of
Technology Research Ethics Committee.
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Table 1 Maternal characteristics (n = 250)
Study characteristics

Total (n = 250)

n, Mean

%, SD

Control group

Intervention group

(n = 125)

(n = 125)

n, Mean

%, SD

n, Mean

P*

%, SD

Age categories (years; n, %)
< 30 Years

30.0

35.0

28.0

40.0

32.0

0.49

70.0

90.0

72.0

85.0

68.0

0.49

113.0

45.2

63.0

50.4

50.0

40.0

0.10

BMI (kg/m2; mean, SD)

26.1

5.9

25.7

5.7

26.5

6.1

0.75

Obesity (n, %)

56.0

22.4

25.0

20.0

31.0

24.8

0.36

Smokers (n, %)

22.0

8.8

12.0

9.7

10.0

8.0

0.66

Third level education (n, %)a

160.0

75.1

79.0

73.9

81.0

76.4

0.66

Alcohol (n, %)b

208.0

83.5

101.0

81.5

107.0

85.6

0.31

Pre-pregnancy FA (n, %)b

138.0

55.4

70.0

56.6

68.0

54.5

0.80

Planned pregnancy (n, %)

175.0

70.3

88.0

71.0

87.0

69.6

0.89

Pre-contemplation

10.0

4.7

8.0

7.3

2.0

1.9

Contemplation

15.0

7.0

8.0

7.3

7.0

6.7

0.86

Planning

23.0

10.8

13.0

11.9

10.0

9.6

0.59

Action

52.0

24.4

29.0

26.6

23.0

22.1

0.45

105.0

49.3

48.0

44.0

57.0

54.8

0.12

8.0

3.8

3.0

2.8

5.0

4.8

132.0

70.2

68.0

70.8

64.0

69.6

28.0

15.2

15.0

16.3

13.0

14.1

0.68

I am fully committed to making dietary changesf

129.0

69.7

66.0

71.7

63.0

67.7

0.55

I currently make a conscious effort to eat a healthy dietg

172.0

91.0

85.0

88.5

87.0

93.8

17.0

9.1

4.0

4.3

13.0

13.8

—
—

Nulliparas (n, %)

Stages of dietary changec

Maintenance
Relapse

—

—

Attitudinal statements
If I decide to change my diet I’m conﬁdent I’ll maintain these changesd
I have mixed feelings if changing my diet is a priority at the momente

My health is mainly determined by chanceh
My health is mainly controlled by outside inﬂuencesi
My health is under my own controli

8.0

4.3

5.0

5.3

3.0

3.2

176.0

93.6

87.0

92.6

89.0

94.7

0.85

0.23

0.55

BMI, Body mass index; FA, Folic acid; SD, standard deviation.
*(between intervention and control).
– Insufﬁcient sample to perform analysis.
a

Total population n = 213, control n = 107, intervention n = 106.

b

data n = 249.

Total population n = 213, control n = 109, intervention n = 104.

c

d
e
f

Total population n = 188, control n = 96, intervention n = 92.

Total population n = 184, control n = 92, intervention n = 92.

Total population n = 185, control n = 92, intervention n = 93.

g

Total population n = 189, control n = 96, intervention n = 93.

h

Total population n = 187, control n = 93, intervention n = 94.

i

Total population n = 188, control n = 94, intervention n = 94.

breastfed exclusively in the control (n = 44/119, 37.6%) and
intervention group (n = 45/116, 38.5%) (P = 0.85).
Neonatal delivery data was available on 236 women who met
the screening criteria. One woman withdrew, one woman did
not have an email address, two women miscarried, three women
had twin pregnancies, one woman was over 18 weeks gestation;

(which were revealed after screening), three women moved to
the UK, two women delivered elsewhere, and one woman had
no further data available. Table 3 compares the clinical neonatal
outcomes between the control and the intervention group.
There were no differences in outcomes between the control and
intervention group (P > 0.05).
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Table 2 Proportion of women meeting nutritional requirements (n = 219)*
Total (n = 219)
Nutrient
Carbohydrate (% of energy)

n

Control group (n = 107)

Intervention group (n = 112)

%

n

%

n

%

P

43.4

44.0

41.1

51.0

45.5

0.30

85.8

88.0

82.2

99.0

89.2

0.14

Fat (% of energy)

92.0

42.0

39.0

36.4

53.0

47.3

0.07

Vitamin B12 (μg)

92.0

42.0

47.0

43.9

45.0

40.2

0.34

Vitamin D (μg)

0.0

0.0

0.0

0.0

0.0

0.0

Vitamin C (mg)

76.0

34.7

33.0

30.8

43.0

38.4

0.15

Vitamin A (μg)

0.35

–

141.0

64.4

67.0

62.6

74.0

66.1

Iron (mg)

29.0

13.2

15.0

14.0

14.0

12.5

0.45

Calcium (mg)

43.0

19.6

25.0

23.4

18.0

16.1

0.12

Iodine (μg)

5.0

2.3

2.0

1.9

3.0

2.7

Folate (DFEs)

6.0

2.7

1.0

0.9

5.0

4.5

108.0

49.3

55.0

51.4

53.0

47.3

Zinc (mg)

–
–
0.32

DFEs, Dietary folate equivalents.
*nutrition recommendations based on EFSA guidelines 2017.
– Insufﬁcient sample to perform analysis.
a

Total n=218, Control group n=107, Intervention group n=111

Fig. 1 Women’s engagement with the OptiMUM Nutrition website over the study period (n = 118). *Recruitment completed by the end of January 2017.

Discussion
Main ﬁnding of this study

This RCT found that a non-interactive evidence-based website providing nutrition information did not result in sustained maternal engagement as pregnancy advanced. This
was despite the fact that women had a high level of access

to the internet, and the digital content was customized to
meet women’s stated preferences.12 It is not surprising,
therefore, that we found no evidence that provision of
evidence-based nutrition information from a web-based
resource changed pregnancy outcomes. If dietary behaviour
in pregnant women is going to be successfully modiﬁed, our
ﬁndings indicate that further research is needed to identify
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Table 3 Differences between the intervention and control group for maternal and neonatal outcomes (n = 236)
Neonatal outcomes

Control (n = 119)
n, mean

Intervention (n = 117)
SD, %

n, mean

P
SD, %

3.5

0.6

3.5

0.6

0.87

Birth weight < 3.0 kg (n, %)

19.0

16.0

14.0

12.0

0.38

Birth weight > 4.0 kg (n, %)

16.0

13.4

21.0

17.9

0.34

Head circumferencea (cm; mean, SD)

35.0

1.8

35.0

1.5

0.90

SD, standard deviation.
a

control n = 114, intervention n = 114.

what digital platforms and techniques will lead to an engagement that will be sustained in a way that may potentially
improve fetomaternal clinical outcomes.
This study also identiﬁed that the majority of women
(91%) reported that they make a conscious effort to eat a
healthy diet currently, however, there were still notable inadequacies in women’s dietary intakes, when compared to the
most recent European dietary recommendations.26 Thus,
while women may believe they are following healthy eating
practices, it is evident that women need to be informed of
deﬁcits within their dietary intakes and that further education is needed to improve maternal nutrition intakes in early
pregnancy.

What is already known on this topic

A single arm intervention study assessed the use of an online
healthy lifestyle programme by pregnant women. The study
found only a 17% enrolment rate (n = 238). Furthermore, of
the women who enrolled, the majority were well educated
(68%) and already practiced a healthy lifestyle. Only 9% of
those invited continued to use the programme.23 In a larger
version of the study (n = 13 946), which was conducted on a
national level in the Netherlands, only 8% of the population
enrolled. Women with lower levels of education were more
likely to be inactive users.24 However, these studies differed to
our intervention in terms of use of existing online resources,
rather than creating a web-based resource tailored to women’s
stated preferences.
A recent Australian study evaluated a smartphone nutrition and physical activity application to provide advice to
pregnant women as an adjunct to face-to-face consultations
(n = 162) (the SNAPP RCT).28 Of the 77 women recruited
to the intervention group, only 31.2% (n = 24/77), reported
using the application. The authors reported that the use of
the application was poor and there was no improvement in
terms of dietary and physical activity patterns.

Online resources are increasingly accessed by women during pregnancy, which may have been a contributing factor to
the lack of engagement in our study ﬁndings.29–32 From a
public health perceptive, concerns exist about women’s ability to critically appraise the quality of content within online
resources.12,33 Future research may beneﬁt from collaborations with existing e-Health resources that achieve sustained
engagement rates and healthcare professionals for the development and regulation of evidence-based content. This may
offset the funding used to create software for further
research that continues to see high attrition rates and regulate the quality of information disseminated to women.10,34
Additionally, it is necessary to explore, given the lack of success to date in e-Health interventions sustaining women’s
engagement, if public health resources would be better
focused on increasing availability of dietitians to women in
early pregnancy with the aim to improve women’s nutritional
adequacy and perhaps evidence-based online resources used
as a source of supportive information rather than to promote behaviour change.
What this study adds

In this study, nearly 70% of the intervention group was ≥30
years of age. Our results found that women who are in this
age category are more likely to report they are in the maintenance phase of dietary change (than women <30 years)—i.e.
suggesting they are currently maintaining what they perceive as
‘healthy’ dietary practices. Furthermore, our results highlighted
that this group of women are more likely to report being fully
committed to making dietary changes and to report they were
conﬁdent to keep dietary changes going when compared to
those <30 years of age. While these women may be interested
in nutrition-based interventions, these results may further
explain lack of sustained engagement within this cohort as
these women may not identify they require further intervention
if they believe they are following appropriate dietary practices.
Given the dietary inadequacies identiﬁed within this study and
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Limitations of this study

Limitations of the study include the inability to track study
participant interaction on an individual level due to the analytical software. However, the trends identiﬁed in this study
are consistent with the literature. A further limitation was
the inability to assess associations with login rates and
engagement with maternal sociodemographic characteristics.
Another limitation was the inability to assess or control if
women were engaging with other nutrition-based resources
during pregnancy, which may have inﬂuenced engagement
rates with our website. Finally, the study may not have had
sufﬁcient powering for the secondary outcomes of the study.
Randomization was successful as the control and intervention group did not differ in terms of their characteristics.
The website was customized, based on a previous study in
the same Hospital to ensure the features within the website
were tailored to women’s preferences.12 Additionally, an analytical software was used to record women’s engagement,
rather than self-reporting.
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